We have identified in Pseudomonas aeruginosa strain JB2 a novel cluster of mobile genes encoding degradation of hydroxy-and halo-aromatic compounds. Nineteen open reading frames were located and, based on sequence similarities, were putatively identified as encoding a ring hydroxylating oxygenase (hybABCD), an ATP-binding cassette-type transporter, an extradiol ring-cleavage dioxygenase, transcriptional regulatory proteins, enzymes mediating chlorocatechol degradation, and transposition functions. Expression of hybABCD in Escherichia coli cells effected stoichiometric transformation of 2-hydroxybenzoate (salicylate) to 2,5-dihydroxybenzoate (gentisate). This activity was predicted from sequence similarity to functionally characterized genes, nagAaGHAb from Ralstonia sp. strain U2 (S. L. Fuenmayor, M. Wild, A. L. Boyes, and P. A. Williams, J. Bacteriol. 180:2522-2530, 1998), and is the second confirmed example of salicylate 5-hydroxylase activity effected by an oxygenase outside the flavoprotein group. Growth of strain JB2 or Pseudomonas huttiensis strain D1 (an organism that had acquired the 2-chlorobenzoate degradation phenotype from strain JB2) on benzoate yielded mutants that were unable to grow on salicylate or 2-chlorobenzoate and that had a deletion encompassing hybABCD and the region cloned downstream. The mutants' inability to grow on 2-chlorobenzoate suggested the loss of additional genes outside of, but contiguous with, the characterized region. Pulsed-field gel electrophoresis revealed a plasmid of >300 kb in strain D1, but no plasmids were detected in strain JB2. Hybridization analyses confirmed that the entire 26-kb region characterized here was acquired by strain D1 from strain JB2 and was located in the chromosome of both organisms. Further studies to delineate the element's boundaries and functional characteristics could provide new insights into the mechanisms underlying evolution of bacterial genomes in general and of catabolic pathways for anthropogenic pollutants in particular.
Lateral gene transfer between bacteria can potentially affect a variety of processes in soil, including the biodegradation of organic pollutants (7, 8, 10, 12, 17, 27, 32, 55, 56, 61) . Acquisition of catabolic genes can enhance contaminant biodegradation by increasing the diversity of organisms able to effect at least partial transformation of a compound or expanding on existing pathways so that degradation is more extensive or complete (mineralization). Pathway complementation is exemplified by strains engineered to possess the upper biphenyl degradation pathway as well as the lower chlorobenzoate and chlorocatechol pathways, resulting in an enhanced ability to mineralize polychlorinated biphenyls (18, 25, 35, 46) . Similar hybrid pathways could evolve naturally in the environment by lateral gene transfer and affect the activity of microbial communities mediating polychlorinated biphenyl (PCB) biodegradation, but relatively little is known about their occurrence.
The recovery of PCB-mineralizing strains from bioreactors or soil inoculated with the o-halobenzoate degrader Pseudomonas aeruginosa strain JB2 (22, 53) appeared to reflect a natural gene transfer event. To facilitate identification of the biodegradation genes and gain tools needed for verification of gene transfer, we developed a mating system that exploited strain JB2's inability to utilize an s-triazine (cyanuric acid) as a sole nitrogen source (41) . Strain JB2 was mated with Pseudomonas sp. strain D, which could grow on cyanuric acid and benzoate but not 2-chlorobenzoate (2-CBa). All isolates recovered after selection for growth on 2-CBa-cyanuric acid were strain D derivatives. Hybridization analysis of genomic digests from the parental strains and a selected isolate, Pseudomonas sp. strain D1, revealed DNA fragments that were present in strains D1 and JB2 but absent from strain D. We hypothesized that these fragments were part of the mobile DNA and that genes encoding 2-CBa degradation were present on these fragments or were linked to them. In the present study, we cloned and characterized the regions of the strain JB2 genome encompassing the fragments apparently acquired by strain D1 to test this hypothesis as well as to identify other genes that might function in biodegradation pathways or mobilization of the element.
MATERIALS AND METHODS
Bacterial strains, plasmids, culture media, and DNA manipulations. P. aeruginosa strain JB2 and Pseudomonas hutiensis strains D and D1 were described previously (23, 41) . Strain D1 was previously called strain JPL, and this designation was changed in accordance with standard criteria (9) to indicate that it is a derivative of strain D. Escherichia coli cultures of strains DH5␣ and JM109 were obtained from Promega (Madison, Wis.) and used for genomic library construction and routine cloning, respectively. E. coli strain BL21(DE3)pLysS (Promega) was used for T7-directed expression of genes cloned into pET5a (Promega). Pseudomonads were grown on a mineral salts medium (MSM; 23) supplemented with an appropriate carbon source (4.2 mM benzoate or 3.2 mM 2-CBa). E. coli cells were cultured on Luria-Bertani (LB) medium to which ampicillin (100 g ml Ϫ1 ), chloramphenicol (35 g ml Ϫ1 ), or tetracycline (12 g ml Ϫ1 ) was added for plasmid selection. Genomic DNA preparation, agarose gel electrophoresis, restriction enzyme digestion, DNA ligation, and E. coli transformation were done by standard procedures (3) . Purification of PCR products and DNA fragments isolated from agarose gels was done by using the using the Qiaquick PCR purification kit (Qiagen, Valencia, Calif.) and the Qiaex II gel extraction kit (Qiagen), respectively.
Genomic library construction and screening. Genomic DNA from 2-CBagrown strain JB2 was partially digested with Sau3A, dephosphorylated, and ligated into the cosmid pRK7813 (26) . The ligation mixture was packaged into bacteriophage particles by using the Gigapack II in vitro packaging system (Stratagene, Torrey Pines, Calif.) and transfected into cells of E. coli strain DH5␣. DNA fragments previously detected by hybridization as common to strains JB2 and D1 (41) were recovered from an agarose gel, labeled as described above, and used in colony lift assays (3) to probe the strain JB2 genomic library. Cosmids were isolated from clones showing hybridization in the colony lifts and mapped by digestion with restriction enzymes.
Bioinformatics. Open reading frames (ORFs) were located with the ORF finder tool in DNAstar (DNAstar, Madison, Wis.). Nucleotide and amino acid sequence similarities were determined by BLAST-N and PSI-BLAST searches (1, 2) . Protein motifs were identified by BLAST-P (2), BLOCKS (21) , and TMHMM (54) analyses. Multiple sequence alignments were assembled by using CLUSTAL-W (60).
PFGE-CHEF. Plasmid profiles were analyzed by pulsed-field gel electrophoresis (PFGE) by the contour-clamped homogenous electric field (CHEF) technique. Cells were lysed in agarose plugs by using the method of Buchrieser et al. (5) . To linearize plasmids, plugs were treated with S1 nuclease (4). Plasmids were separated by using a CHEF-DR II (Bio-Rad Laboratories, Richmond, Calif.) run at 200 V (21 h, 14°C) with switching times ramping from 1 to 40 s. The mid-range PFG Marker II (New England Biolabs, Beverly, Mass.) was used as a molecular weight marker for linear DNA. Alcaligenes sp. strain BR60 harbors a ca. 85-kb plasmid (63) and was used as a positive control.
Hybridization analyses. DNA segments used as probes were recovered from restriction enzyme digests of pJPL1 (Fig. 1) . The exception was the probe targeting hybA, which was synthesized by PCR as described below. The digested fragments and PCR products were purified from agarose gels as described above and then were random-primed labeled with digoxigenin-dUTP (Genius kit; Boehringer Mannheim, Indianapolis, Ind.). For Southern blotting, DNA was transferred from agarose gels to Hybond-N ϩ nylon membranes (Amersham, Arlington Heights, Ill.) by using a Posiblot pressure blotter (Stratagene) and cross-linked to the membranes by using a UV Stratalinker 1800 (Stratagene). Hybridization was done under high stringency, and detection was by chemiluminescence (Genius chemiluminescence system; Boehringer Mannheim).
PCR. PCR was used to amplify a 3,118-bp fragment encompassing the putative hybABCD genes. The primers (forward, 5Ј-ACT ATC AGA CGA CAT ATG GAG TTA C-3Ј; reverse, 5Ј-GTG ACC GCC ATG TGG ATC CTG TTT AT-3Ј) created NdeI and BamHI (italicized) sites at the 5Ј and 3Ј ends, respectively. The thermal cycling program was a 5-min hot start (95°C), 15 cycles of 1 min of denaturation (94°C), 1 min of annealing (50°C), and 5 min of extension (72°C), 20 cycles of 30 s of denaturation (94°C), 30 s of annealing (56°C), and 5 min of extension (72°C), and a final 10 min of extension (72°C). Reaction mixtures (50 l total) contained 3 U of Taq DNA polymerase (Promega), 0.2 mM deoxynucleoside triphosphates, 2.0 mM MgCl 2 , 200 ng of template DNA, 0.4 mM concentrations of each primer, 1 M betaine, and 2% dimethyl sulfoxide. The primers used for amplification of hybA (forward, 5Ј-TAT ACT GGA TCC CCT GTA TAA AC-3Ј; reverse, 5Ј-CAT CCT AAG CTT GCT AAT CGG CG-3Ј) created BamHI and HindIII sites (italicized), respectively. Reaction mixtures were composed as described above with the following thermal cycling parameters: a 5-min hot start (95°C) followed by 30 cycles of 30 s of denaturation (95°C), 1 min of annealing, and 1.5 min of extension (72°C) and a final 10 min of extension (72°C). Following amplification, the reaction mixtures were mixed with 0.1 volume of 3 M sodium acetate and 10 volumes of 100% ethanol (room temperature) and immediately centrifuged at 14,000 ϫ g for 30 min. The precipitated PCR products were dissolved in 20 l of 10 mM Tris (pH 8.0) and, following electrophoresis, were excised from agarose gels. Amplification of 16S rRNA genes from strains D and D1 was done by using primers (27F and 1492R) and thermal cycling conditions described by Devereux and Willis (11) . Recovery and purification of PCR products from agarose gels were done as described above.
Heterologous expression. The PCR-amplified hybABCD genes were NdeIBamHI digested and ligated into NdeI-BamHI-digested pET5a. In the resulting construct (pGS1), hybABCD were oriented such that they could be expressed under the control of the T7 promoter. The construct was transformed into E. coli strain JM109, and its structure was confirmed by restriction enzyme analysis. The construct was harvested from strain JM109 and transformed into E. coli strain BL21(DE3)pLysS for expression. Cultures (100 ml) of the latter were grown overnight (30°C) in LB-ampicillin-chloramphenicol medium, harvested, washed with phosphate buffer (13 mM, pH 7), resuspended in 2 ml of buffer, and inoculated into 200 ml of fresh LB-ampicillin medium. Cultures were then incubated at 30°C, and when the densities reached an optical density at 600 nm of 0.4 to 0.5, T7 polymerase was induced by addition of isopropyl-␤-D-thiogalactopyranoside (IPTG) to a final concentration of 1 mM. After IPTG addition, the cultures were incubated for 4 h at 30°C. A culture of strain BL21(DE3)pLysS pET5a was treated identically to that carrying pGS1. After induction, the cultures were harvested, washed with MSM, and resuspended in 10 ml MSM. Test substrates were added to the cultures and to medium blanks from filter-sterilized aqueous stocks. When pyruvate was included in the reaction mixture, it was added from a filter-sterilized 1 M stock. The test cultures, control cultures, and media blanks were incubated with shaking at 30°C. Periodically, 750-l aliquots were taken from the vessels, the cells were removed by centrifugation (16,000 ϫ g, 1 min), and supernatant was transferred to vials for analysis by high-performance liquid chromatography. At the end of the incubation, the remaining cell suspension was centrifuged and the supernatants were removed for extraction and analysis by gas chromatography-mass spectrometry (GC-MS).
Analytical procedures. Aqueous samples from cultures and blanks were analyzed directly by high-performance liquid chromatography as described previously (41) . For GC-MS, culture supernatants were acidified with 5 N H 2 SO 4 and extracted with 2 volumes of ethyl acetate. The organic phases were pooled, dehydrated over anhydrous Na 2 SO 4 , and brought to dryness with heating. The samples were then dissolved in methanol, transferred to reaction vials (Supelco, Bellefonte, Pa.), and dried under N 2 . Pyridine (500 l) was added to dissolve the samples, followed by 500 l of N,O-bis(trimethylsilyl)trifluoroacetamide-trimethylchlorosilane (99:1 [vol/vol]; Supelco). The silylated samples were injected into a Hewlett-Packard 5890 Series II gas chromatograph equipped with a 7673A autosampler, split-splitless capillary column injection port, and a model 5972A mass selective detector. Operating parameters were as follows: injector, 250°C; detector, 250°C; He carrier gas, 1 ml min Ϫ1 ; and He make-up gas, 36 cm s 
RESULTS AND DISCUSSION
Phylogenetic analysis of strains D and D1. The 16S rRNA gene sequences from strain D and D1 were identical and had significant identities (97%) with several species of Herbaspirillium. However, the greatest identity (99.8% over 1,413 bp) was to P. huttiensis ATCC 14670
T . Accordingly, the organisms' taxonomic affiliations were revised to P. huttiensis strains D and D1.
Genomic library screening. Three strain JB2 genomic library clones that possessed DNA fragments that were previously detected by hybridization were identified (41) as common to strains JB2 and D1. Restriction enzyme analysis showed that the three clones were overlapping and collectively spanned ca. 26 kb (Fig. 1) . Nineteen ORFs were located and, based on nucleotide and predicted amino acid sequence similarities, were identified as putatively encoding (i) a ring hydroxylating oxygenase, (ii) an ATP-binding cassette (ABC)-type transporter, (iii) an extradiol ring-cleavage dioxygenase, (iv) transcriptional regulators, (v) enzymes mediating chlorocatechol degradation, and (vi) transposition functions.
Sequence and functional analysis of ring-hydroxylating oxygenase. BLAST searches with the ORFs designated hybABCD returned similarities to the ferredoxin oxidoreductase, large ␣ subunit, small ␤ subunit, and ferredoxin components, respectively, of ring-hydroxylating oxygenases. The majority of these similarities were to naphthalene dioxygenase genes. However, the most significant identities were to genes encoding a salicylate 5-hydroxylase from Ralstonia sp. strain U2 (16), nitrotoluene dioxygenases from Pseudomonas sp. strain JS42 (39) , and Burkholderia sp. strain DNT (58) or to two ORFs with unknown function located within the nitrotoluene dioxygenase gene clusters of strains JS42 and DNT.
The putative ferredoxin oxidoreductase, HybA (predicted M r , 35,002 Da), was 52 to 59% identical to ferredoxin reductases from strains JS42, DNT, and U2. Each of these proteins had in the N terminus the C-X 4 -C-X 2 -C-X 2 -C motif characteristic of [2Fe-2S] binding domains conserved in plant-type ferredoxins (33, 36, 38) . HybB (predicted M r , 48,928 Da) was 78% identical to NagG, which is the proposed ␣ subunit of the strain U2 salicylate 5-hydroxylase. HybB was also 78% identical to the polypeptide predicted for ORF2 from strain DNT and 74% identical to the truncated version of ORF2 from strain JS42. Collectively, HybB, NagG, and the polypeptide predicted for ORF2 DNT had 75% identity. Consistent with characteristics of other ␣ subunits, HybB possessed the C-X-H-X 15-17 -C-X 2 -H motif for binding of a Rieske [2Fe-2S] cluster (33, 36, 38) and the conserved His-208, His-213, and Asp-362 residues that may coordinate mononuclear iron at the active site (19, 30, 31, 40) . HybC (predicted M r , 18,479 Da) was 57% identical to NagH, the proposed ␤ subunit of the strain U2 salicylate hydroxylase, and 57% identical to ORF X (unknown function) from strain DNT. HybC also had 61% identity to a truncated putative polypeptide, PahH, from a polycyclic aromatic hydrocarbon catabolic gene cluster in Comamonas testosteroni strain H (GenBank accession no. AF252550). The proposed ferredoxin, HybD (predicted M r , 10,950), had 51 to 63% identity with ferredoxins from strains JS42, DNT, and U2, all of which possessed a Rieske [2Fe-2S] binding domain.
E. coli strain BL21(DE3)pLysS pGS1 was tested for activity with benzoate (Ba), 2-CBa, 2-nitrotoluene, 2-hydroxybenzoate (salicylate), 3-hydroxybenzoate (3-HBa), and 4-hydroxybenzoate (4-HBa) as substrates. There was no detectable transformation of Ba, 2-CBa, 3-HBa, or 4-HBa. For 2-nitrotoluene, one minor peak (ca. 0.1% of total peak area) that was unique to the E. coli strain BL21(DE3)pLysS pGS1 culture was detected after 3 h of incubation. Because it was a minor product, we did not characterize it further. With salicylate, a significant decrease in substrate concentration and accumulation of gentisate was detected within 2 h (Fig. 2) , and after a 5-h incubation, salicylate was quantitatively transformed to a metabolite identified by GC-MS as gentisate. There was no significant decrease in the salicylate concentrations in the medium blanks or in incubations with E. coli strain BL21(DE3)pLysS pET5a.
The salicylate 5-hydroxylase activity demonstrated for hybABCD was consistent with that predicted from sequence identity to functionally characterized genes nagAaGHAb from Ralstonia sp. strain U2 (16, 66) . Most of the salicylate hydroxylases described in the literature are monomeric flavoprotein monooxygenases that transform salicylate to catechol (57, 59, 64, 65) . To the best of our knowledge, the present report and that of Fuenmayor et al. (16) are the only two confirmed examples of salicylate hydroxylase activity associated with oxygenases outside the flavoprotein group. The enzymes produced by hybABCD and nagAaGHAb are also unique in that the conversion of salicylate to gentisate has been reported for only VOL. 67, 2001 NOVEL CLUSTER OF MOBILE GENES IN P. AERUGINOSA JB2one of the flavoprotein monooxygenases (57) . The proposed salicylate 5-hydroxylase of strains JB2 and U2 thus has characteristics that bridge enzyme families; it is a functional homolog of flavin monooxygenases (e.g., salicylate hydroxylase) but has the subunit composition and associated signature sequences characteristic of ring-hydroxylating dioxygenases. While hybABCD and nagAaGHAb have a number of structural and functional similarities, the integration of these genes into broader gene clusters and metabolic pathways differs. In strain U2, nagAaGHAb are clustered with 15 other nag genes that collectively encode the complete pathway for metabolism of naphthalene through the gentisate pathway (66) . This physical arrangement is not conserved in strain JB2. Furthermore, strain JB2 does not grow on naphthalene but can utilize salicylate and gentisate as sole carbon sources. Strains D and D1 grew only on salicylate. Why strains JB2 and D1 differed in gentisate utilization is currently unknown but could indicate that genes for gentisate metabolism were either not present on the same mobile element as hybABCD, were present on the same element in JB2 but subsequently deleted after transfer to D1, or were transferred and retained along with hybABCD but were not expressed in strain D1. Further physical characterization of the element in strain JB2 is needed to answer this question.
Sequence analysis of regions downstream of hybABCD. Three ORFs had amino acid sequence similarities to components of an ABC-type membrane transport system (hybEFG; Fig. 1 ). ABC transporters minimally consist of a transmembrane domain and a nucleotide-binding domain, which we propose were represented by HybE and HybFG, respectively. The polypeptide expected for hybE (predicted M r , 66,039) was strongly hydrophobic, with a grand average of hydropathy of 0.80, and possessed at least 12 probable membrane-spanning ␣-helices. HybE had sequence similarities to proteins either known or hypothesized to be the transmembrane domain of ABC-type transport systems. A putative membrane-spanning protein from the carbazole-degrader Pseudomonas sp. strain CA10 (49) had the largest continuous region of similarity to HybE, with 30% identity over residues 40 to 485. All other significant similarities were to one of two regions of HybE that covered residues 27 to 312 or residues 328 to 438; this pattern could indicate a gene fusion in hybE. The greatest similarities found for the first and second regions were to HbaF (34% identity) and HbaG (38% identity), respectively, which putatively comprised the transmembrane domain of an ABC transporter in Rhodopseudomonas palustris strain CGA009 (13) . It is interesting that in strain CGA009, hbaF and hbaG occur within a large cluster of genes for anaerobic degradation of benzoate (13) . The polypeptides expected for hybF (predicted M r , 26,968) and hybG (predicted M r , 25,726) possessed Walker consensus sequences A (P loop) and B, which are proposed to function as ATP-binding sites (48, 62) . In HybG, a region with similarity to the ABC transporter family signature (C motif) was located N terminal of the Walker B site (24, 52) . The known or putative transporters that had similarity in the nucleotide-binding domains to HybF and HybG were the same group that had similarity in the transmembrane domain to HybE.
For the ORF identified as hybH, no significant nucleotide sequence similarities were found in BLAST-N searches. However, the putative polypeptide (predicted M r , 25,945 Da) possessed an N-terminal, helix-turn-helix motif and showed similarity to a variety of Lys-R-type transcriptional regulatory proteins. The greatest similarity was to HybR (40% identity), which was the putative protein upstream of hybABCD. HybH also had 39% identity with NagR, the putative regulatory protein upstream of nagAaGHAb (66) , and with NahR, the transcriptional regulator of the naphthalene degradation genes from pNAH7 (51) .
The final ORF, ORF A, showed no significant nucleotide sequence similarities in BLAST searches. But, the putative protein (predicted M r , 34,108) had similarities to a number of extradiol dioxygenases. The greatest identity (36%) was to a 2,3-dioxygenase from the naphthalenesulfonate-degrader Sphingomonas sp. strain BN6 (20) . The predicted polypeptide also had 30% identity to catechol 2,3-dioxygenase II from Ralstonia eutropha strain JMP 222 (28) and 30% identity to a 2,3-dihydroxybiphenyl 1,2-dioxygenase from Rhodococcus sp. strain RHA1 (47) .
Analysis of regions upstream of hybABCD. The ORF designated hybR was adjacent to, but oriented in the opposite direction of, hybA (Fig. 1) . The putative HybR polypeptide (predicted M r , 34,461 Da) possessed an N-terminal helix-turn-helix motif, which forms the DNA-binding domain characteristic of the LysR family (50) . HybR had 53% identity to NahR, which is a LysR activator of the naphthalene and salicylate operons on pNAH7 (51) , and 60% identity to NagR, a putative LysR transcriptional activator of the nag cluster from strain U2 (66) . Predicted proteins from regions upstream of ntdAa and dntAa in strains JS42 and DNT had identities with HybR of 63 and 64%, respectively.
Further upstream were ORFs with similarity to genes encoding transposition functions and chlorocatechol (clc) degradation genes (Fig. 1) . The former of these included a transposase (tnpA) and a transposase-associated ATP-binding protein (tnpB) of the IS21/IS1162 family (15) . The genes of the clc cluster represented the complete suite of enzymes for chlorocatechol degradation and had identities of at least 98% to putative functional homologs from pAC27 (6, 14) or Pseudo- monas sp. strain B13 (29) . These genes were as follows (gene product function; origin): clcR (LysR-type transcriptional regulator; pAC27), clcA (chlorocatechol 1,2-dioxygenase; pAC27), clcB (chloromuconate lactonase; pAC27), ORF C (unknown; Pseudomonas sp. strain B13), clcD (dienelactone hydrolase; strain B13), and clcE (maleylacetate reductase; strain B13). The ORF downstream of clcE had 99% identity with a partial sequence downstream of clcE in strain B13 (29) ; the polypeptide predicted for this ORF had only weak similarity to a putative protein from Streptomyces coelicolor (45) .
The presence of the clc genes was, in addition to the phenotype of chlorobenzoate degradation acquired by strain D1, an indication that the mobile element encoded functions for the metabolism of haloaromatic compounds as well as for hydroxybenzoate degradation. The clc operon encodes the modified ortho pathway for catabolism of chlorocatechols (14) , which are intermediates in the aerobic metabolism of chloroaromatic compounds, including chloro-benzoates, -benzenes, -biphenyls, -phenols, and -phenoxyacetates. Of these, strain JB2 grows only on chlorobenzoates (23) . Given these growth characteristics, we hypothesize that in strains JB2 and D1, the clc-encoded functions are involved in the downstream metabolism of di-and tri-CBas.
Hybridization and PFGE-CHEF analyses. Genomic DNA of strains JB2, D, and D1 were examined with probes targeting an internal region of cloned DNA as well as to the left and right extremities (Fig. 1) . Strains JB2 and D1 yielded identical hybridization patterns to all probes, whereas there was no hybridization by any probe to strain D (Fig. 3) . Thus, all of the cloned strain JB2 DNA was transmissible and acquired by strain D1. Subculturing of either strain JB2 or strain D1 on benzoate gave rise to mutants unable to grow on salicylate or 2-CBa. Genomic DNA from mutants of both strains hybridized to the clcAB probe but not to probes targeting hybA or ORF A (Fig. 3) . Thus, mutants of both strain JB2 and D1 had undergone a deletion that encompassed the hyb genes and extended beyond the left side of the characterized region. As 2-CBa was not a substrate for the hybABCD-encoded hydroxylase, the
2-CBa
Ϫ phenotype undoubtedly resulted from the loss of other genes that were outside of, but probably contiguous with, the characterized region. Consistent with this hypothesis, we have in a separate study identified a separate set of genes encoding an o-halobenzoate dioxygenase in strain JB2 and demonstrated acquisition of these along with hybABCD by strain D1 (W. J. Hickey and G. Sabat, submitted for publication).
Genomic DNAs separated by PFGE-CHEF showed one band in strain D and two bands in strain D1 that could correspond to plasmids (Fig. 4) . The positive control, strain BR60, also showed one plasmid band (Fig. 4) . No plasmids were visible in the strain JB2 preparation (Fig. 4) . The S1 nucleasedigested pBRC60 migrated close to its expected size of ca. 85 kb (63) . One plasmid band was visible in the S1-treated preparations of strain D and strain D1 (designated pD and pD1, respectively); no plasmids were visible in the S1-digested strain JB2 DNA. Because pD and pD1 migrated above the largest marker, their size could not be estimated reliably but we could conclude that both were ca. Ͼ300 kb and that pD was the larger of the two. The smaller of the two bands visible in the undigested strain D1 preparation was lacking from the S1 nuclease digest; this might be explained as a small plasmid (ca. Ͻ20 kb) that eluted from the gel during electrophoresis. In both strain JB2 and strain D1, the hybA probe hybridized to areas that corresponded to fragmented or intact chromosomal DNA but not to a plasmid band (Fig. 4) . The difference between pD and pD1 in apparent size suggested some type of rearrangement, but based on the available data, we could not determine if this alteration had any connection to the gene transfer event under study. However, we could conclude that if pD mediated intercellular movement, perhaps in a process like retrotransfer (42) , the mobilized strain JB2 DNA characterized in this study was completely relocated to the chromosome upon entry in strain D1.
While the nature of the mobile element is unknown, the data available so far indicate that it has a propensity for chromosomal integration. This behavior appears similar to that reported for the clc element from Pseudomonas sp. strain B13 NOVEL CLUSTER OF MOBILE GENES IN P. AERUGINOSA JB2 (43, 44) , the bph-sal element from Pseudomonas putida strain KF715 (37), or Tn4371 from R. eutropha strain A5 (34) . All of these are chromosomal elements with intercellular mobility. Further investigation is needed to determine the full extent and characteristics of the element. Such studies will further our understanding of the mechanisms underlying evolution of bacterial genomes in general and of catabolic pathways for anthropogenic pollutants in particular.
